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(57) ABSTRACT 

Disclosed are methods and apparatus for automatically 
organizing and/or analyzing a plurality of defect images 
Without ?rst providing a prede?ned set of classi?ed images 
(herein referred to as a training set). In other Words, sorting 
is not based on a training set or prede?ned classi?cation 

codes for such defect images. In one embodiment, the defect 
images each include associated identifying data, such as a 
fabrication identi?er, lot number, Wafer number, and layer 
identi?er. Initially, the defect images are sorted according to 
at least a portion of the associated identifying data into a 
plurality of “identifying data groups” or image families. The 
defect data in each identifying data group is then automati 
cally sorted according to defect appearance. That is, similar 
defect images are associated With a single bin and similar 
bins are associated With other similar bins. For example, 
similar bins are arranged next to each other Within a graphi 
cal user interface (GUI). A representative feature vector 
(herein referred to as a “centroid”) is then associated With 
each bin. The centroid generally represents the images 
Within the particular bin. A search for images that “look like” 
a speci?ed target image may then be efficiently performed 
on a particular identifying data group using the centroids of 
each bin. The target image’s feature vector is compared With 
the centroid of each bin that is Within the same identifying 
data group or image family as the target image. The tech 
niques of the present invention may also be applied to Wafer 
maps, as Well as defect images. 

41 Claims, 11 Drawing Sheets 

I00 

102 

104 

ice 

Sort defect data in each idaiiiiiying data 
group i?iD bins based on Feature VSCIDFS N 
(e g , naiiiiai gmupil'ig) and calculate a 

aammia for each bl? 

10B 

saamii for One or more images that look 
like a apaaiiiad iaigai Image UH speci?ed 

identifying data group) 

Amilyle Search results (9.9.. paimim 
aaiiaiaiian analysis on results at aaamii to 

delermins mot cause of target de?ect) 

110 

112 



US 7,283,659 B1 
Page 2 

US. PATENT DOCUMENTS 6,177,287 B1* 1/2001 Stelfan et a1. .............. .. 438/14 
6,185,322 B1* 2/2001 Ishikawa 6161. 382/141 

5,093,867 A 3/1992 Hori et al. ................ .. 382/141 6,233,719 B1 5/2001 Hardikar et a1‘ _____________ __ 716/1 

5,121,439 A 6/1992 Fukuda eta1~ - 382/141 6,292,582 B1 9/2001 Lin 6161. .................. .. 382/149 
5,353,356 A 10/1994 Waugh 9t 91 - 382/143 6,480,627 B1 11/2002 Mathias 6161. 382/224 
5529437 A 6/1996 Filipowski 382/141 6,542,830 B1* 4/2003 Mizuno et a1. ............. .. 702/35 
5,537,670 A 7/1996 COX 9t 91 382/219 6,687,397 B2 2/2004 DeYong et al. ........... .. 382/145 
5,544,256 A * 8/1996 Brecher et a1. .... .. 382/149 6,751,343 131* 6/2004 Ferrell et a1‘ 382/145 

5,598,341 A l/1997 Ling eta1~ -- 364/46817 6,922,482 B1* 7/2005 Ben-Porath ............... .. 382/149 
5,638,465 A * 6/1997 $11119 er a1 ---- -~ 382/281 6,987,873 B1* 1/2006 Ben-Porath et a1. ...... .. 382/145 
5,761,064 A 6/1998 La 61111. ......... .. 364/468 

5,841,893 A * 11/1998 Ishikawa e161. .. 382/145 OTHER PUBLICATIONS 

5’862’055 A V1999 Chen et a1’ """ " " 700/121 Bakker et al, US. Appl. No. 09/724,633, entitled “Power Assisted 
5,893,095 A * 4/1999 Jam 6161. 707/6 . - - - - ,, 

. Automatlc Superv1sed Classl?er Creatlon Tool for Sem1conductor , 
5,911,139 A 6/1999 Jam 6161. 707/3 ,, . . . ?led Nov. 28, 2000. Coples of allowed clalms attached. 
5913205 A 6/1999 Jam et a1‘ "" " 707/2 U.S. O?iceAction dated Mar. 24 2004 from relatedU.S.Appl.No. 
5,999,003 A * 12/1999 Steffan e161. . 324/537 09/724 633 ’ ’ 
6,092,059 A * 7/2000 Straforini e161. . .... .. 706/14 ’ ' . 

6,097,887 A 8/2000 Hardikar e161. 717/105 5978,2315; Acnon dated May 3’2005’fmmre1ated U's'Appl'No' 
6,104,835 A * 8/2000 Han ............ .. 382/225 ’ ' 

6,148,099 A * 11/2000 Lee et a1. ................. .. 382/149 * cited by examiner 



U.S. Patent Oct. 16, 2007 Sheet 1 0f 11 US 7,283,659 B1 

100 

/ 

Provide defect data having defect images 
and associated identifying data 

102 

Associate a feature vector with each defect 
image 

104 

l 
Sort defect data into identifying data 

groups based on associated identifying 
data 

106 

l 
Sort defect data in each identifying data 
group into bins based on feature vectors 
(e.g., natural grouping) and calculate a 

centroid for each bin 

108 

Search for one or more images that look 
like a specified target image (in specified 

identifying data group) 

110 

l 
Analyze search results (e.g., perform 

correlation analysis on results of search to 
determine root cause of target defect) 

112 

Figure 1 



U.S. Patent 0a. 16, 2007 Sheet 2 0f 11 US 7,283,659 B1 

cwow owow nwow mwow 

wwwooi 56:2 2.0 
owow 

ooow 

g E nwow 

244/ 1\ 
v/v/v/v/ 

mwow 

N mSmE Ema 696a 
N 

N 

wwQOOLQ COLD-<4 mmd 
mwow 



U.S. Patent 0a. 16, 2007 Sheet 3 0f 11 US 7,283,659 B1 

m .GE 

@5955 B552 
\5 UQEEQE 22,056 £_>> 8m New 

womdw 238m f womdw 238m f 

0000 
gm N14... o .w. 

m 1/ 0” M0 0 0 wow 00%... on... 

o o o 

25.6% oz | o a a a 

Q . Q Q . 

O. O O O 

0 0 0000. 

o 5 0 0 00 \ 3m 



U.S. Patent 0a. 16, 2007 Sheet 4 0f 11 US 7,283,659 B1 

w .QE 

@2 5:5 oomdw 938m } mm, 
Qwom / 

\158 



U.S. Patent 0a. 16, 2007 Sheet 5 0f 11 US 7,283,659 B1 

lQNails — Microsoft Internet Explorer EEIIXI 
Eile Edit yiew Q0 Bookmarks Iools ?elp 

EB [1147] fab5-SEM:W4 

v 

| | Local intranet F I G 
IQNails-Microsoftlnternet lorer EEIIXI 

Eile Edit yiew Q0 gookmarks _ s ?elp 

v @ IQ @ I @Search 
AddressII]http://drc-imb-server.kIa-ten M6960 |iLinks”| 
EB [1147] fab5-SEM:W4 ‘ 

1 [5,0] = 0.953139601244 _ 
o m Done n1 - 1 1Qo/1nqnQnn/1Q I I Local intranet‘ 





U.S. Patent Oct. 16, 2007 Sheet 7 0f 11 US 7,283,659 B1 

108 

602 

Calculate the Covariance Matrix 

l 
604 

Calculate the eigenvectors 

l 606 
Project feature vectors to two most /\J 

significant eigenvectors 

l 
Perform one-dimensional clustering for N608 

each direction 

610 
Find initial centroid for each bin N 

612 
Find nearest bin for each defect's feature /\_/ 

vector 

hange in defec 
association? 

Update centroid for each bin using 
neighborhood function 

FIG. 6 



U.S. Patent Oct. 16, 2007 Sheet 8 0f 11 US 7,283,659 B1 

110 

/ 

Obtain feature vector of specified target 
image 

702 

l 
Determine identifying data group to which 
specified target image belongs (e.g., M1 

layer group) 

l 
Compare target feature vector to each 

centroid 

706 

l 
Determine nearest bin(s) 

708 

l 
Display defect images of determined 
nearest bin(s) (e.g., display thumbnail 

images) 

710 

FIG. 7 



U.S. Patent 0a. 16, 2007 Sheet 9 0f 11 US 7,283,659 B1 

norm worm m ooww 



U.S. Patent 0a. 16, 2007 Sheet 10 0f 11 US 7,283,659 B1 

904 

FIG. 9 





US 7,283,659 B1 
1 

APPARATUS AND METHODS FOR 
SEARCHING THROUGH AND ANALYZING 
DEFECT IMAGES AND WAFER MAPS 

CROSS REFERENCE TO RELATED PATENT 
APPLICATION 

This application takes priority under U.S.C. 119(e) of 
US. Provisional Application No. 60/348,078 ?led on Jan. 9, 
2002 entitled Apparatus and Methods for Searching Through 
and Analyzing Defect Images and Wafer Maps,” by David 
R. Bakker, Prashant A. Aji, James L. Belliveau and Chacko 
C. Neroth, Ph.D, Which is incorporated by reference in its 
entirety for all purposes. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to techniques for 
organizing images of defects found on integrated circuit 
devices. Additionally, it relates to techniques for searching 
through such defect images for one or more images that have 
a similar appearance to a target defect image and analyZing 
the found images to help determine a cause of the target 
defect. 

Semiconductor defects may include structural ?aWs, 
residual process material and other surface contamination 
Which occur during the production of semiconductor Wafers. 
Defects are typically detected by a class of instruments 
called inspection tools. Such instruments automatically scan 
Wafer surfaces and detect, and record the location of optical 
anomalies using a variety of techniques. This information, or 
“defect map,” is stored in a computer ?le and sent to a defect 
revieW station. 

Using the defect map to locate each defect, a human 
operator observes each defect under a microscope and 
classi?es each defect according to class (e.g., particle, pit, 
scratch, or contaminant). Information gained from this pro 
cess is used to correct the source of defects, and thereby 
improve the e?iciency and yield of the semiconductor 
production process. Problems With this classi?cation method 
include the technician’s subjectivity in identifying the defect 
class, and the fatigue associated With the highly repetitive 
task of observing and classifying these defects. 

Methods of automatically classifying defects, collectively 
knoWn as Automatic Defect Classi?cation or “ADC,” have 
been developed to overcome the disadvantages of manual 
defect classi?cation. In conventional ADC, revieW stations 
are automated to load a Wafer that has been mapped for 
defect location by a defect scanner. Once the mapped Wafer 
is loaded, the revieW station: 

1. positions the Wafer to image the site of a defect, as 
indicated by the defect map; 

2. focuses on the site of the defect; 
3. captures a digital image of the site; 
4. processes and analyZes the captured image of the site 

to locate the defect Within the image; and 
5. further analyZes the data to classify the defect. 
The above process is repeated for each defect (or a 

predetermined subset of defects) on the Wafer. The Wafer is 
then unloaded and the process is repeated for another Wafer. 
By eliminating a fatiguing and highly repetitive task, such 
automated revieW stations reduce labor costs and provide 
improved consistency and accuracy over human operators. 

Accordingly, an ADC system uses image processing tech 
niques to ?rst detect the defect and then to classify the defect 
according to the defect’s physical characteristics and back 
ground geometry. Comparing these physical characteristics 
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2 
to the physical characteristics of pre-classi?ed defects in a 
knoWledge database (KDB) permits automated defect clas 
si?cation. While this system reduces technician fatigue and 
increases the number of defects that can be classi?ed per unit 
time, there is presently a problem With such KDB programs 
providing an accurate classi?cation. 

Generating a KDB for classifying objects typically uti 
liZes direct coding methods, Whereby an operator subjec 
tively selects What are thought to be typical defects and 
enters the defect images and predetermined classi?cation 
codes into a detection system to generate a knoWledge 
database that is later used by an ADC system for classifying 
unknoWn defects. 
AknoWledge database generated by this method is subject 

to inaccuracy since human variability, introduced in the 
initial subjective identi?cation of the defect type, is included 
in the KDB. Moreover, present database generating meth 
ods, including direct coding, are time consuming and require 
a signi?cant amount of highly trained, manpoWer resources. 
Once the defect images are classi?ed, a search may be 

performed on the defect images of a particular class to look 
for one or more images Which have been previously 
assigned to the same class. HoWever, if the underlying 
classes are inaccurately de?ned, the search Will produce 
inaccurate results. The search Will also not be able to locate 
defects Which have not been previously classi?ed. For 
example, images that should be classi?ed in the class Which 
is searched may be left out of the search. A conventional 
image search typically includes comparing the target image 
to each image Within the same class as the target image. 
Since each class may have thousands of defect images, this 
search can take a signi?cant amount of time. 

Accordingly, there is a need for improved mechanisms for 
organiZing defect images, searching through such images, 
and/or analyZing the results from such a search. 

SUMMARY OF THE INVENTION 

Accordingly, mechanisms are provided for automatically 
organiZing and/or analyZing a plurality of defect images 
Without ?rst providing a prede?ned set of classi?ed images 
(herein referred to as a training set). In other Words, sorting 
is not based on a training set or prede?ned classi?cation 
codes for such defect images. In one embodiment, the defect 
images each include associated identifying data, such as a 
fabrication identi?er, lot number, Wafer number, and layer 
identi?er. Initially, the defect images are sorted according to 
at least a portion of the associated identifying data into a 
plurality of “identifying data groups” or image families. The 
defect data in each identifying data group is then automati 
cally sorted according to defect appearance. That is, similar 
defect images are associated With a single bin and similar 
bins are associated With other similar bins. For example, 
similar bins are arranged next to each other Within a graphi 
cal user interface (GUI). A representative feature vector 
(herein referred to as a “centroid”) is then associated With 
each bin. The centroid generally represents the images 
Within the particular bin. A search for images that “look like” 
a speci?ed target image may then be e?iciently performed 
on a particular identifying data group using the centroids of 
each bin. The target image’s feature vector is compared With 
the centroid of each bin that is Within the same identifying 
data group or image family as the target image. The tech 
niques of the present invention may also be applied to Wafer 
maps, as Well as defect images. 

In one embodiment, a method of organiZing and/or ana 
lyZing a plurality of defect images having associated iden 
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tifying data is disclosed. The defect images are automati 
cally sorted into a plurality of identifying data groups based 
on at least a portion of the associated identifying data. A 
feature vector is associated with each defect image. The 
defect images of each identifying data group are automati 
cally sorted into a plurality of bins based on the associated 
feature vectors. The sorting of the defect images into bins is 
performed without using a plurality of classi?cation de?ni 
tions for each bin. 

In a further aspect, the classi?cation de?nitions are in the 
form of a plurality of pre-classi?ed defect images. In another 
aspect, the defect images are sorted into bins in a single 
operation without any additional presorting operation based 
on appearance being performed on the defect images. In a 
speci?c implementation, a growth rate for each bin is 
monitored. When a particular bin has a growth rate that is 
signi?cantly higher than the other bins, an alarm that indi 
cates that the particular bin has a signi?cantly higher growth 
rate is triggered. 

In a further implementation, a centroid is associated with 
each bin. The centroid representing the feature vectors of the 
defect images within the each bin. In one aspect, ach 
centroid of each bin represents an average or mean of all 
feature vectors within the each bin. In yet another embodi 
ment, one or more defect images which have a same 
appearance as a target defect image are found. The one or 
more defect images which have a same appearance as a 
target image and their associated identifying data are ana 
lyzed to determine a cause of the target defect image. In a 
speci?c implementation, the one or more defect images 
which have a same appearance as a target defect image are 
found by ?nding one or more centroids which most closely 
match the target defect image’s feature vector. The one or 
more defect images which have a same appearance as a 
target defect image are from the bins which have an asso 
ciated centroid which most closely matches the target defect 
image’s feature vector. 

In one aspect, the identifying data may include one or 
more of the following: a lot identi?er, a wafer identi?er, a 
device identi?er, one or more process equipment identi?ers, 
one or more operating parameters for each of the one or 
more identi?ed process equipment, one or more operator 
identi?ers for each of the one or more identi?ed process 
equipment, identi?cation of where each of the one or more 
identi?ed process equipment are in their maintenance cycle, 
and a fabrication facility identi?er. In one application of the 
present invention, a cause of the target defect image is 
determined by correlating the identifying data associated 
with the one or more defect images which have a same 

appearance as the target defect image. In another applica 
tion, the identifying data includes yield information and it is 
determined how the target defect image a?fects yield by 
analyzing the yield information associated with the one or 
more defect images which have a same appearance as the 
target defect image. In yet another application, a setup of an 
inspection or review tool that was used to acquire the one or 
more defect images which have a same appearance as the 
target defect image is adjusted when a number of the one or 
more defect images which have a same appearance as the 
target defect image is not within a predetermined range. The 
adjustment is selected so that the number of defect images 
having a same appearance as the target defect image is 
altered to be within the predetermined range. 

In another aspect, the invention pertains to a computer 
system operable to organize and/or analyze a plurality of 
defect images having associated identifying data. The com 
puter system includes one or more processors and one or 
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4 
more memory. In yet another aspect, the invention pertains 
to a computer program product for organizing and/or ana 
lyzing a plurality of defect images having associated iden 
tifying data. The computer program product includes at least 
one computer readable medium and computer program 
instructions stored within the at least one computer readable 
product con?gured to cause a combining device to perform 
one or more of the above described inventive procedures. 

These and other features and advantages of the present 
invention will be presented in more detail in the following 
speci?cation of the invention and the accompanying ?gures 
which illustrate by way of example the principles of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a ?owchart illustrating a procedure for analyzing 
defects in accordance with one embodiment of the present 
invention. 

FIG. 2 illustrates one example technique for sorting the 
defect data into identifying data groups in accordance with 
one embodiment of the present invention. 

FIG. 3 illustrates two 2-dimensional features spaces in 
which the feature vector of each defect image of a particular 
identifying data group is plotted in accordance with one 
embodiment of the present invention. 

FIG. 4 illustrate a natural grouping process for sorting the 
feature space of FIG. 3 into a plurality of bins. 

FIGS. 5A through 5C show screenshots of differently 
sized bin arrangements in accordance with one embodiment 
of the present invention. 

FIG. 6 is a ?owchart illustrating a natural grouping 
algorithm in accordance with one embodiment of the present 
invention. 

FIG. 7 is a ?owchart illustrating the operation of FIG. 1 
for searching for one or more images that look like a 
speci?ed target image in accordance with one embodiment 
of the present invention. 

FIG. 8 illustrates a query result in accordance with one 
embodiment of the present invention. 

FIG. 9 is a screen shot illustrating defect images and 
associated identifying data in accordance with one embodi 
ment of the present invention. 

FIG. 10 is a diagrammatic representation of a defect 
image analysis system in accordance with one embodiment 
of the present invention. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

Reference will now be made in detail to a speci?c 
embodiment of the invention. An example of this embodi 
ment is illustrated in the accompanying drawings. While the 
invention will be described in conjunction with this speci?c 
embodiment, it will be understood that it is not intended to 
limit the invention to one embodiment. On the contrary, it is 
intended to cover alternatives, modi?cations, and equiva 
lents as may be included within the spirit and scope of the 
invention as de?ned by the appended claims. In the follow 
ing description, numerous speci?c details are set forth in 
order to provide a thorough understanding of the present 
invention. The present invention may be practiced without 
some or all of these speci?c details. In other instances, well 
known process operations have not been described in detail 
in order not to unnecessarily obscure the present invention. 

FIG. 1 is a ?owchart illustrating a procedure 100 for 
analyzing defects in accordance with one embodiment of the 
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present invention. Initially, defect data having defect images 
and associated identifying data is provided in operation 102. 
In general terms, samples are inspected for defects. The 
defect may originate from any source. For example, the 
source of the defects may include problems With one or more 
processing tool(s) and an outside contaminate. 

The identifying data may include any information that 
may be relevant for aiding in analyZing the defect data (e.g., 
determining the cause of the defect) and/or for sorting the 
defect images to facilitate searches through such defect data 
and analysis of such data. For example, the identifying data 
may specify the sample itself and the processing tools 
through Which the sample has passed. In one implementa 
tion, the identifying data includes a lot identi?er, a Wafer 
identi?er, a device identi?er, one or more process equipment 
identi?ers, one or more operating parameters for each of the 
one or more identi?ed process equipment, one or more 

operator identi?ers for each of the one or more identi?ed 
process equipment, identi?cation of Where each of the one 
or more identi?ed process equipment are in their mainte 
nance cycle (e.g., its been 3 Weeks since last cleaning of an 
identi?ed processing tool), a time and date stamp, and a 
fabrication facility identi?er. The identifying data may also 
specify the process type (e.g., a 0.35 pm process or a 0.25 
pm process), layer (e.g., metal or oxide layer), and/or layer 
level (e. g., metal1, metal2, or metal3). Other identifying data 
pertaining to a defect may have been developed a priori, 
including the aforementioned as Well as compositional or 
electrical information derived from analytical techniques 
and/or yield information. 
Any suitable tool and/or technique may be utiliZed for 

capturing an image of a defect. Any suitable inspection tool 
and/ or revieW tool may be utiliZed. By Way of examples, an 
optical inspection tool, such as a dark?ed laser, a bright?eld, 
or a confocal imaging tool, or a scanning electron micro 
scope (SEM) may be used. 
The defects that are found With an inspection tool are 

preferably sampled to reduce the number of defects. Any 
suitable criteria may be used for sampling or ?ltering 
defects. For example, one may grab only relevant defects, 
e.g., the largest siZed defects or representative defects. 
Sampling requires less time for capturing images of the 
defects since the number of defects are reduced. Addition 
ally, less time is required for a subsequent search through 
such captured defect images. 
The defects Which are found and/or sampled are then 

grabbed With any suitable imaging technique. By Way of 
examples, any suitable optical imaging technique may be 
used, such as dark?eld imaging or confocal imaging. Addi 
tionally, conventional imaging of the top surface or multi 
perspective imaging may be used. Voltage contrasting imag 
ing may also be employed. Although the techniques of the 
present invention are described as being applied to defect 
images, these techniques may also be applied to other types 
of images. For instance, the techniques may be applied to 
Wafer maps, Where each Wafer map represents a Wafer and 
the location of defects thereon. 
A feature vector is then associated With each defect image 

in operation 104. In general terms, the defect pixels of each 
defect image are isolated by comparing a defect image With 
one or more reference image(s). A feature extraction tech 
nique is performed on each isolated defect image so that the 
defect image is translated into a plurality of descriptor 
values or a feature vector. The descriptor values are nor 
maliZed betWeen 0 and 1. Any suitable number and type of 
descriptors may be used to describe the image. The descrip 
tors may include siZe, brightness, shape, texture, moment of 
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6 
inertia, context, proximity of defect to Wafer features or 
other defects, connectivity to adjacent features or other 
defects, etc. In one implementation, 80 descriptor values are 
used for the feature vector. Several suitable techniques for 
forming a feature vector from a defect image are described 
in US. Pat. No. 6,104,835, issued 15 Aug. 2000, by Ke Han, 
Which patent is herein incorporated by reference in its 
entirety. The defect images are than saved along With the 
feature extraction information or feature vector. For 
example, a ?le may includes a reference to each defect 
image and its associated feature vector. 
The defect data is then sorted into identifying data groups 

based on at least a subset of the associated identifying data 
in operation 106. The defect data may be organiZed based on 
any categories of identifying data. Organization is prefer 
ably con?gurable by the user to optimiZe a search through 
such defect data. A speci?c implementation is described 
further beloW With reference to FIG. 2. The defect data of 
each identifying data group is then sorted into bins based on 
the appearance of the defect data and a centroid is then 
calculated for each bin in operation 108. That is, the defect 
images for each identifying group are sorted into bins, Where 
the defect images in each bin resemble one another. Any 
suitable statistical grouping algorithm may be used. For 
example, a natural grouping algorithm is used as described 
further With reference to FIGS. 3 through 6. In this embodi 
ment, natural grouping is automatically performed on the 
feature vectors of each defect image Within each particular 
identifying data group. The images are pre-organiZed or 
clustered based on their appearance. 
The centroid of each particular bin represents the feature 

vectors for the particular bin. In one implementation, each 
centroid is a vector that equals the average or mean of all 
feature vectors Within a particular bin. That is, each point in 
a centroid vector is the average or mean of the same points 
in each defect’s feature vector. Alternatively, each centroid 
is the defect feature vector that is the most average or the 
mean of the feature vectors of a particular bin. 

After the defect images are sorted, a search is then 
performed for one or more images that look like a speci?ed 
target image in operation 110. The search is performed on 
the defect images Within the identifying data group to Which 
the speci?ed target image belongs. The search is based on 
the centroids of each bin Within such identifying data group. 
That is, the feature vector of the target image is compared to 
each centroid of each bin Within the particular identifying 
group. Since the search is only performed on a small subset 
of defect images (e.g., Within a single identifying group and 
the search is based only on the centroid from each bin), the 
search time is signi?cantly reduced as compared to perform 
ing a search on all defect images. 
The search results in one or more defect images Which 

most closely resemble the target image. The search results 
are then analyZed for any suitable purpose in operation 112. 
For example, a correlation analysis is performed on the 
results of the search to determine a root cause of the target 
defect. 
The sorting operations (i.e., 106 and 108) and subsequent 

searches are performed on the defect images Without using 
a training set of pre-classi?ed images. That is, a user or 
automatic defect classi?er program does not classify images 
to compile a training set that is then used for subsequent 
automatic sorting operations. Conventionally, a classi?ca 
tion code Would be assigned to a training set. NeW defect 
images Would then be sorted based on such training set. 
Prior to performing a search for a target image, the target 
image Would be assigned a class code and then a query 
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Would be performed based on the assigned class of the target 
image. In conventional systems, classi?cation is ?xed. In the 
present invention, classi?cation or grouping of defect data is 
not ?xed. That is, sorting is not based on prede?ned clas 
si?cation codes. Each bin or group is ?uid and changeable. 
That is, as the defect data changes, neW groups may be 
generated and old groups may be altered. In one implemen 
tation, the sorting operations (e.g., 106 and 108) are auto 
matically performed each time a neW defect image is 
grabbed Without using a training set. Alternatively, the 
sorting may be performed periodically or after or prior to 
any suitable event, such as prior to performing a search 
Without using a training set. In either case, the defect images 
are sorted into bins or groups based on their appearance and 
likeness to one another (e.g., the feature vectors) and not 
based on prede?ned classi?cations or groups. 

The defect data may be sorted into any suitable number 
and type of identifying data groups (e.g., in operation 106). 
This sorting may also be user selectable. FIG. 2 illustrates 
one example technique 200 for sorting the defect data into 
identifying data groups. For example, the defect data 202 
may be sorted into a plurality of process groups 204. As 
shoWn, the defect data is divided into a 0.35 micron process 
group 20411, a 0.25 micron process group 204b, and a 0.18 
micron process group 2040. Each of these process groups 
may then be subdivided into any number and type of groups. 
For example, each process group 204 is divided into a 
plurality of layer groups 206. As shoWn, the 0.25 micron 
process group includes an oxide layer group 20611, a metal 
layer group 206b, and a tungsten layer group 2060. Each 
layer group may also be divided into a plurality of speci?c 
levels. As shoWn, the metal group 206b includes a metall 
208a, metal2 208b, metal3 2080, and metal4 208d group. In 
another implementation, the defect data is grouped, in order, 
by fabrication identi?er, layer, lot identi?er, and Wafer 
identi?er. 

Each identifying data group may then be sorted into bins 
based on the defect images’ appearance in any suitable 
manor. FIGS. 3 through 6 illustrate a natural grouping 
procedure in accordance With one embodiment of the 
present invention. In general terms, the defect images of a 
particular identifying data group are arranged into bins 
having a similar appearance. Each bin may also be associ 
ated With one or more bins that have similar defect images. 
For simplicity, the natural grouping procedure Will be illus 
trated using a feature vector having tWo dimensions. Of 
course, each feature vector Will typically have a signi?cantly 
higher number of data points. In the latter case, the illus 
trated natural grouping procedure is applied across a N 
number of data points of each feature vector. 

FIG. 3 illustrates tWo 2-dimensional features spaces 302 
and 306 in Which the feature vector of each defect image of 
a particular identifying data group is plotted in accordance 
With one embodiment of the present invention. As shoWn, a 
plurality of defect feature vectors 304 are represented Within 
the tWo dimensional feature space 302. A natural grouping 
algorithm 310 is then applied to the feature vectors 304 of 
feature space 302 to generate a feature space 306 having a 
plurality of groups 308. In effect, the defect data 304 is 
sorted into a plurality of groups (e.g., groups 30811 through 
308d). 
As shoWn in FIG. 4, the groups 308 of feature space 306 

are then associated With a plurality of bins 404. In one 
implementation, the output of the grouping process is a 2D 
matrix Where similar feature vectors are grouped into bins 
and related bins are placed next to each other. For example, 
a Kehonen type mapping technique, Which technique is Well 
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8 
knoWn to those skilled in the art, may be used to group the 
defect images into any number of bins. 
The bins may also be displayed Within a natural grouping 

graphical user interface (GUI) 402 so that a user may vieW 
the different bin groups and their associated defect data. The 
siZe of each matrix may be user selectable so that a user may 
optimiZe the grouping of the defect data into bins. The siZe 
selection of the defect group matrix or map may depend on 
the number of defects and desired granularity of each bin. 

FIGS. 5A through 5C shoW screenshots of differently 
siZed bin arrangements in accordance With one embodiment 
of the present invention. FIG. 5A illustrates a 5x5 matrix of 
bins into Which a plurality of defect images have been 
sorted. As shoWn, When a 5x5 siZed array is selected, the 
defect data is sorted into tWenty-?ve bins. For example, 
forty-four defect images belong to the ?rst column (Cl) and 
?rst roW R1 bin. Seventeen defect images belong to the 
second column (C2) and ?rst roW (R1) bin. FIG. 5B illus 
trates a 10x10 array of bins into Which a plurality of defect 
images have been sorted in accordance With one embodi 
ment of the present invention. As shoWn, the defect data is 
distributed among 100 bins. For example, there are Zero 
defect images in the column one (Cl) and roW one (R1) bin. 
Likewise, there is only one defect image in the column tWo 
(C2) and roW one (R1) bin. FIG. 5C illustrates a 20x20 array 
of bins into Which a plurality of defect images have been 
sorted. As shoWn, there are 26 defect images in the roW 
seven (R7) and column three (C3) bin. 
A user may select the siZe of the array so that each bin 

contains defect images that have a similar appearance. In 
one embodiment, the user may select a particular roW and 
column of the array and vieW the defect images Within such 
bin to determine Whether the defect images of such bin have 
a similar appearance. Referring brie?y to FIG. 8, the defect 
images for the roW 9 column 8 bin are illustrated. If the 
images do not have a similar appearance, the user may select 
a larger siZed array. Conversely, if tWo bins have defect 
images that have the same general appearance, the user may 
select a smaller siZed array so that each bin contains images 
With different appearances. 
The groWth in each bin may also be automatically or 

manually monitored for various purposes. For example, 
rapid groWth in a particular bin can trigger an alarm so that 
a user can investigate. In one application, if the siZe of 
defects are rapidly increasing over a period of time, the user 
may investigate the cause of such defect siZe increase. 

Preferably, a stable statistical grouping technique is used 
to sort the defects into bins. That is, a user of the grouping 
technique preferably alWays gets the same map, given the 
same initial conditions and feature vectors. FIG. 6 is a 
?owchart illustrating a natural grouping algorithm 108 in 
accordance With one embodiment of the present invention. 
Initially, a covariance matrix is calculated in operation 602. 
The covariance matrix C can be calculated given a set of 
feature vectors using the folloWing equation 1: 

N [1] 

I<:O 

Where, 
Cl]. is the covariance matrix element (i,j). 

Al- is the ith element of the feature vector A. 

k is the feature vector index. 
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ml- is the mean of the ith feature vector element. 

The eigenvectors for such matrix are then calculated in 
operation 604. The eigenvectors may be calculated using 
singular value decomposition since it is a symmetric and 
non-negative de?nite matrix (e.g., equation 2). 

CWILW [2] 

where W is the eigenvector and 7» is the corresponding 
eigenvalue. 

The feature vectors are then projected to the two most 
signi?cant eigenvectors vectors in operation 606. That is, a 
course clustering is initially performed on the two feature 
vector directions that have the highest variance. This 
approach is based on the assumption that the direction of 
highest variance of the feature vectors is the direction in 
which they are most likely to display clustering tendencies. 
However, this assumption is not valid if there are too many 
noisy features. The projections may be calculated using the 
following equations 3: 

POkIAk'WO 

Plk:Ak-wl [3] 

where W0 and W1 denote eigenvectors corresponding to the 
?rst and second largest eigenvectors, and PO and P1 are the 
projections of feature vector A along the vector W0 and W1. 
A one dimensional clustering is then performed for each 

direction (i.e., along each eigen vector direction W0 and W1) 
in operation 608. The following equation 4 may be used to 
perform this one dimensional clustering: 

mm» ‘B? a. 

where, pl. is the proportional count and ol- is the standard 
deviation of the ith cluster. 
An initial centroid is then found for each bin in operation 

610. In this operation, each feature vector is associated with 
one of the clustered bins de?ned by the clustering algorithm 
described above. Each centroid vector S for each bin may be 
calculated as a mean of the vectors in each bin with the 
following equation 5: 

The nearest bin is then found for each defect feature 
vector in operation 612. This is an iterative process. It is then 
determined whether any defect associations have changed in 
operation 614. For example, have any defect image’s asso 
ciation moved from a ?rst bin to a second bin. Also, the ?rst 
association of such defect images with their respective bins 
is de?ned as a change in association. If there is no change, 
the natural grouping algorithm 108 ends. However, if there 
is a defect association change, the centroid for each bin is 
then updated using a neighborhood function in operation 
616. The centroid for each bin may be calculated by aver 
aging all the defect feature vectors in that bin and neigh 
boring bins through a neighborhood function 6: 
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where, S is the updated weighted mean vector for each bin, 
H is the neighborhood function of the updating bin, and @ 
denotes the Schur product. 

Operation 612 and 614 are then repeated, where the 
nearest bin for each defect feature vector is found and it is 
determined again whether the defect association has 
changed for any defect. Operations 612 through 616 are 
repeated until there is no longer a change in defect associa 
tion. 

FIG. 7 is a ?owchart illustrating the operation 110 of FIG. 
1 for searching for one or more images that look like a 
speci?ed target image in accordance with one embodiment 
of the present invention. Initially, a feature vector of the 
speci?ed target is obtained in operation 702. The target 
image may have been speci?ed by the user or by any suitable 
automatic process. It is then determined to which identifying 
data group the speci?ed target image belongs in operation 
704. For example it may be determined that the speci?ed 
target image belongs to the metal1 group of the 0.25 micron 
process on wafer #5 of lot #10. 

The target feature vector is then compared to each cen 
troid of each bin of the determined identifying data group in 
operation 706. That is, the target image’s vector is compared 
to each bin’s centroid vector. If the feature space is a 5x5 
matrix, only 25 centroid vectors need to be compared. The 
one or more bin(s) that nearest to the speci?ed target are then 
determined in operation 708. In other words, it is determined 
which bins have the closest appearance to the target image. 
In one embodiment, the user may specify the number of 
nearest neighbors. Any suitable technique may be used to 
determine which bin(s) have the closest appearance to the 
target image. Several techniques for ?nding a nearest group 
of defect images are described in the above referenced US. 
Patent by Ke Han. The defect images for each of the 
determined nearest bin(s) are then displayed in operation 
710. For example, thumbnail images for each nearest bin are 
displayed. 

FIG. 8 illustrates a query result in accordance with one 
embodiment of the present invention. As shown, a plurality 
of thumbnail images for three nearest bins 802, 804, and 806 
are displayed in window 820. In one implementation, the 
user may select a particular defect image within a bin and 
have the selected defect image displayed at multiple mag 
ni?cation levels. As shown, the user has selected defect 
image 815 from bin 802. A high level magni?cation image 
8100, a low level magni?cation image 810b, and a reference 
image 81011 are displayed in window 825. 

In one speci?c implementation, the identifying data asso 
ciated with each defect image may also be quickly viewed 
by the user. FIG. 9 is a screen shot illustrating defect images 
and associated identifying data in accordance with one 
embodiment of the present invention. As shown, defect 
image 902 includes identifying data 904. The identifying 
data 904 is displayed when the user moves a selection 
device, such as a mouse, over the defect image 902. Of 
course, the identifying data may be displayed in any suitable 
manner. For example, the identifying data may be displayed 
by clicking or selecting a particular defect image. Altema 
tively, the identifying data may be constantly displayed 
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along With the query results (e.g., thumbnail images and/or 
different magni?cation level images). 

The query results may be analyzed in any suitable manner. 
For example, one may analyze the resulting defect images 
and their associated identifying data to determine root cause 
conditions for the target defect. The identifying data of the 
resulting defect images may be correlated to determine 
commonalties. For example, the resulting defect images may 
share the same processing tool Which is determined to be the 
cause of the target defect type. In this case, the processing 
tool may be defective or out of speci?cation. It may be 
determined that any number and type of conditions are the 
cause of a particular defect type. For example, it may be 
determined that the defect is caused by a drift in the focus 
of a stepper tool and an inadequate etching rate from the 
etching processing tool. The search results may also be 
analyzed to determine the timing of a particular defect type 
or to ?nd the effect of the defect type on yield. In the later 
case, the defect types are correlated With yield results (e.g., 
from the identifying data) to determine Whether particular 
defect types adversely or bene?cially a?fect yield. In another 
implementation, the query results may be used to adjust the 
defect capture tool’s operating conditions so that the number 
of defects of a particular type are adjusted (e.g., to a 
maximum capture number). By Way of example, the oper 
ating conditions of the tool that is used to inspect and capture 
a particular type of defect images are adjusted until a 
prede?ned number of such defect type is captured. The 
operating conditions may include the scanning area, landing 
energy, beam current density, and/ or scan pattern of a 
scanning electron microscope or the polarization setting of 
the laser, focus, sensitivity, or pixel size of an optical 
inspection system. 

FIG. 10 is a diagrammatic representation of a defect 
image processing and analysis system 1000 in accordance 
With one embodiment of the present invention. As shoWn, 
the system 1000 includes a plurality of inspection and/or 
revieW systems 1002. Each inspection system is con?gured 
to output defect images along With accompanying identify 
ing data to image processor 1004. In one embodiment, the 
identifying data is formatted in KLARF ?les (e.g., KLA 
Tencor, Inc. results ?les) Which each contains lot identi?ers, 
the number of defects, each defect’s location, etc. The defect 
images along With identifying data are stored in database 
1010. 
The inspection systems may include any suitable inspec 

tion or revieW tool that is con?gured for capturing defect 
images. Each inspection and/or revieW tool 1002 can also 
presort images (e.g., into identifying data groups) prior to 
sending the images to the image processor for further 
combining and sorting. In the illustrated embodiment, the 
image processor is con?gured to implement the above 
described techniques of the present invention. HoWever, the 
techniques of the present invention may be implemented in 
any number and type of data processing devices. That is, the 
techniques of the present invention may be implemented in 
any suitable combination of hardWare and/or softWare. 

Other useful information that may be associated With the 
defect images may also be available to the image processor 
1004. For example, yield and parametric information may be 
available in database 1008. Of course, this information may 
be combined With the other identifying information of 
database 1010. In sum, the identifying information may be 
contained Within a single database or distributed among a 
plurality of databases. 
A plurality of clients 1014 may access the defect data 

and/or perform queries through Web server 1012. Alterna 
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tively or additionally, a client (e.g., 1014e) may perform a 
query for an image or access a particular image through the 
image processor 1004 Without going through a Web server. 
That is, the techniques performed by the image processor 
1004 may be accessed remotely or locally. Additionally, the 
system 1000 does not have to be Web based. Each client may 
be con?gured so that a user may initiate a query and vieW the 
results of such query. Alternatively, a query may be auto 
matically initiated by a softWare program or hardWare tool. 
A client may be located in the same fabrication facility in 
Which the image processor and/or databases are located or in 
a different fabrication facility. In one application of the 
present invention, a user may Wish to start up a particular 
fabrication facility and use a similar fabrication facility’s 
database of defect images until their oWn database is built 
up. 

Although the foregoing invention has been described in 
some detail for purposes of clarity of understanding, it Will 
be apparent that certain changes and modi?cations may be 
practiced Within the scope of the appended claims. There 
fore, the described embodiments should be taken as illus 
trative and not restrictive, and the invention should not be 
limited to the details given herein but should be de?ned by 
the folloWing claims and their full scope of equivalents. 
What is claimed is: 
1. A method of organizing and/or analyzing a plurality of 

defect images having associated identifying data, the 
method comprising: 

automatically sorting the defect images into a plurality of 
identifying data groups based on at least a portion of the 
associated identifying data, Wherein the automatic sort 
ing of the defect images into identifying data groups is 
performed Without using a training set of manually 
classi?ed images having classi?cation de?nitions that 
Were selected by a human and Without associating a 
classi?cation de?nition With each identifying data 
group; 

associating a feature vector With each defect image; and 
automatically sorting the defect images of each identify 

ing data group into a plurality of bins based on the 
associated feature vectors, Wherein the automatic sort 
ing of the defect images into bins is performed Without 
using a training set of manually classi?ed images 
having classi?cation de?nitions that Were selected by a 
human and Without associating a classi?cation de?ni 
tion With each bin. 

2. A method as recited in claim 1, Wherein the classi? 
cation de?nitions are in the form of a plurality of prede?ned 
classi?cation codes. 

3. A method as recited in claim 1, Wherein the defect 
images are sorted into bins in a single operation Without any 
additional presorting operation based on appearance being 
performed on the defect images. 

4. A method as recited in claim 1, Wherein the identifying 
data includes a process type, a layer type, and a layer level 
upon Which the sorting defect images into identifying data 
groups is based. 

5. A method as recited in claim 4, Wherein the identifying 
data further includes information that is relevant for deter 
mining a defect’s cause and upon Which the sorting defect 
images into identifying data groups is not based. 

6. A method as recited in claim 1, further comprising: 
monitoring a groWth rate for each bin; and 
When a particular bin has a groWth rate that is signi?cantly 

higher than the other bins, triggering an alarm that 
indicates that the particular bin has a signi?cantly 
higher groWth rate. 
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7. A method as recited in claim 1, further comprising 
associating a centroid With each bin, the centroid represent 
ing the feature vectors of the defect images Within the each 
bin. 

8. A method as recited in claim 7, Wherein each centroid 
of each bin represents an average or mean of all feature 
vectors Within the each bin. 

9. A method as recited in claim 7, further comprising: 
?nding one or more defect images Which have a same 

appearance as a target defect image; and 
analyZing the one or more defect images Which have a 

same appearance as a target image and their associated 
identifying data to determine a cause of the target 
defect image. 

10. A method as recited in claim 9, Wherein the one or 
more defect images Which have a same appearance as a 
target defect image are found by ?nding one or more 
centroids Which most closely match the target defect 
image’s feature vector. 

11. A method as recited in claim 10, Wherein the one or 
more defect images Which have a same appearance as a 
target defect image are from the bins Which have an asso 
ciated centroid Which most closely matches the target defect 
image’s feature vector. 

12. Amethod as recited in claim 9, Wherein the identifying 
data is selected from a group consisting of a lot identi?er, a 
Wafer identi?er, a device identi?er, one or more process 
equipment identi?ers, one or more operating parameters for 
each of the one or more identi?ed process equipment, one or 
more operator identi?ers for each of the one or more 
identi?ed process equipment, identi?cation of Where each of 
the one or more identi?ed process equipment are in their 
maintenance cycle, and a fabrication facility identi?er. 

13. A method as recited in claim 11, further comprising 
determining a cause of the target defect image by correlating 
the identifying data associated With the one or more defect 
images Which have a same appearance as the target defect 
image. 

14. A method as recited in claim 11, Wherein the identi 
fying data includes yield information and the method further 
comprising determining hoW the target defect image affects 
yield by analyZing the yield information associated With the 
one or more defect images Which have a same appearance as 

the target defect image. 
15. A method as recited in claim 11, further comprising 

adjusting a setup of an inspection or revieW tool that Was 
used to acquire the one or more defect images Which have 
a same appearance as the target defect image When a number 
of the one or more defect images Which have a same 

appearance as the target defect image is not Within a 
predetermined range, Wherein the adjustment is selected so 
that the number of defect images having a same appearance 
as the target defect image is altered to be Within the 
predetermined range. 

16. A computer system operable to organiZe and/or ana 
lyZe a plurality of defect images having associated identi 
fying data, the computer system comprising: 

one or more processors; 

one or more memory, Wherein at least one of the proces 
sors and memory are adapted to: 

automatically sort the defect images into a plurality of 
identifying data groups based on at least a portion of the 
associated identifying data, Wherein the automatic sort 
ing of the defect images into identifying data groups is 
performed Without using a training set of manually 
classi?ed images having classi?cation de?nitions that 
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14 
Were selected by a human and Without associating a 
classi?cation de?nition With each identifying data 
group; 

associate a feature vector With each defect image; and 
automatically sort the defect images of each identifying 

data group into a plurality of bins based on the asso 
ciated feature vectors, Wherein the automatic sorting of 
the defect images into bins is performed Without using 
a training set of manually classi?ed images having 
classi?cation de?nitions that Were selected by a human 
and Without associating a classi?cation de?nition With 
each bin. 

17. A computer system as recited in claim 16, Wherein the 
classi?cation de?nitions are in the form of a plurality of 
prede?ned classi?cation codes. 

18. A computer system as recited in claim 16, Wherein the 
defect images are sorted into bins in a single operation 
Without any additional presorting operation based on appear 
ance being performed on the defect images. 

19. A computer system as recited in claim 16, Wherein at 
least one of the processors and memory are further adapted 
to: 

monitor a groWth rate for each bin; and 
When a particular bin has a groWth rate that is signi?cantly 

higher than the other bins, trigger an alarm that indi 
cates that the particular bin has a signi?cantly higher 
groWth rate. 

20. A computer system as recited in claim 16, Wherein at 
least one of the processors and memory are further adapted 
to associate a centroid With each bin, the centroid represent 
ing the feature vectors of the defect images Within the each 
bin. 

21. A computer system as recited in claim 20, Wherein 
each centroid of each bin represents an average or mean of 
all feature vectors Within the each bin. 

22. A computer system as recited in claim 20, Wherein at 
least one of the processors and memory are further adapted 
to: 

?nd one or more defect images Which have a same 

appearance as a target defect image; and 
analyZe the one or more defect images Which have a same 

appearance as a target image and their associated 
identifying data to determine a cause of the target 
defect image. 

23. A computer system as recited in claim 22, Wherein the 
one or more defect images Which have a same appearance as 
a target defect image are found by ?nding one or more 
centroids Which most closely match the target defect 
image’s feature vector. 

24. A computer system as recited in claim 23, Wherein the 
one or more defect images Which have a same appearance as 
a target defect image are from the bins Which have an 
associated centroid Which most closely matches the target 
defect image’s feature vector. 

25. A computer system as recited in claim 22, Wherein the 
identifying data is selected from a group consisting of a lot 
identi?er, a Wafer identi?er, a device identi?er, one or more 
process equipment identi?ers, one or more operating param 
eters for each of the one or more identi?ed process equip 
ment, one or more operator identi?ers for each of the one or 
more identi?ed process equipment, identi?cation of Where 
each of the one or more identi?ed process equipment are in 
their maintenance cycle, and a fabrication facility identi?er. 

26. A computer system as recited in claim 24, Wherein at 
least one of the processors and memory are further adapted 
to determine a cause of the target defect image by correlating 




